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^ ■ Abstract 

W)| We study the effects of noncommutative spaces on the horizon, 



^3 
< 



the area spectrum and Hawking temperature of a Schwarzschild black 
hole. The results show deviations from the usual horizon, area spec- 
I trum and the Hawking temperature. The deviations depend on the 

parameter of space/space noncommutativity. 



g ■ 1 Introduction 

00 

' Recently, remotivated by string theory arguments, noncommutative 

spaces (Moyal plane) have been studied extensively. The noncommu- 
' tative space can be realized by the coordinate operators satisfying 

■ , [^^ui^^jy] — iQavi (1) 

^ \ where x are the coordinate operators and 9^^ is the noncommutativity 

parameter and is of dimension (length)^; for a review on the string 
theory side, see [1]. In noncommutative spaces, the usual product of 
r> \ fields should be replaced by the star-product: 

{f-kg) = exp l^-e^, ——^ f{x)9{y)U=y, (2) 

where / and g are two arbitrary infinitely differentiable functions on 
^3+1 _ "Pqj. noncommutative spacetime (^oi 7^ 0) it has been shown 
that the theory is not unitary and hence, as a field theory, it is not 
appealing [2, 3]. In noncommutative spaces we have 

[xi,Xj\= iOij, [xi,pj\=i5ij, \pi,pj\=Q. (3) 

In this letter we focus on the metric of a Schwarzschild black hole 
in a noncommutative space. Given the metric and assuming that 
the noncommutative parameter {9ij) is small, we study the horizon. 
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the area spectrum and the Hawking temperature of the Schwarzschild 
black hole. Since the noncommutativity in space violates rotational 
symmetry, our horizon corrections have a preferred direction. We will 
use a natural unit system that sets ks, c, and h all equal to 1, so that 
£p = Mp^ = ^/G. 

The plan of this letter is as follows. In section 2, we present the 
horizon, area spectrum and Hawking temperature of the Schwarzschild 
black hole in noncommutative spaces. We discuss our results and 
conclude in Sec. 3. 



2 Noncommutativity and Schwarzschild 
black hole 

The metric of the Schwarzschild black hole is given by 

There is a horizon at = 2GM. The horizon area A of the Schwarzschild 
black hole is given by 

A = rl (^^ d(t) r sin ed9 = A-Krl = IGttG'^M^. (5) 
Jo Jo 

The Hawking temperature of the Schwarzschild black hole is given by 
Th = K/(27r) where k is the surface gravity of the black hole [4]. For 
Schwarzschild black hole k = GM/r^ and therefore 

GM 1 ... 

We propose the following metric for the Schwarzschild black hole in 
the noncommutative spaces: 

where r satisfying (3). The horizon of the noncommutative metric (7) 
satisfies the following condition 

1-^=0. (8) 
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Now, we note that there is a new coordinate system, 

Xi = Xi -\- '^dijPjt Pi — Pit (9) 

where the new variables satisfy the usual canonical commutation re- 
lations: 

[xi,Xj] = 0, [xi,pj] = iSij, \pi,Pj] = 0. (10) 

So, if in the horizon condition (8) we change the variables Xj to Xi, 
the horizon of the noncommutative metric (7) satisfies the following 
condition 

2GM , , 

0. (11) 



{xi - eijPj/2h){xi - OikPh/^fi) 

This leads us to 



l_^^_GM^i^+O(^^) = 0, (12) 
or 

1 _ ^ _ GM^ + 0{9') = 0, (13) 

where 9ij = ^eijkOk, L = r x p. If we put 9^ = and the rest of the 9- 
components to zero (which can be done by a rotation or a redefinition 
of coordinates), then L.9 = Lz9. So, we can rewrite Eq. (13) as 

r^_2GMr'-^^^ = 0. (14) 
By the following definitions 

GML,9 

a = -2GM, c= (15) 

the real root of cubic formula (14) is the horizon of the Schwarzschild 
black hole in noncommutative spaces 



a f -2a^ - 27c + Vl08(^cT729^\ 
Th = -77 + ' ' 



1/3 



2 \ 54 ) 

1/3 

(16) 



/ -2a3 - 27c - VlOSa^c + 729c^ \ ' 
+ V 54 ] ■ 
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Two other roots of cubic formula (14) are not real [5]. In the case of 
commutative spaces c = 0, Eq. (16) yields r/j = 2GM. The Hawk- 
ing temperature and the horizon area of Schwarzschild black hole in 
noncommutative spaces are respectively 



Substituting fh from (16) into (17) and (18) give us the Hawking 
temperature and the horizon area of the Schwarzschild black hole in 
noncommutative spaces. 

3 Conclusion 

In this letter, we investigate the effects of noncommutative spaces on 
the Schwarzschild black hole. We calculate the horizon, the area spec- 
trum and the Hawking temperature in the noncommutative spaces. 
Our results show deviations from the usual formulae. The deviations 
depend on the parameter of space/space noncommutativity. 
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